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The Genesis of (Edema in Beriberi, 

By Egbert McCarrison, M.D., D.Sc, F.E.O.P., Brevet Lieutenant-Colonel, 

Indian Medical Service. 

(Communicated by Prof. J. G. Adami, F.E.S. — Eeceived June 19, 1919.) 

In a previous communication (1) it was shown : (I) that in avian beriberi 
(polyneuritis gallinarum) cedema was constantly (100 per cent.) associated 
with massive enlargement of the adrenal glands ; (2) that 82.2 per cent, of 
cases having such enlargement of the adrenal glands presented evidences of 
cedema in some form ; (3) that the enlargement of the adrenals was associated 
with a corresponding increase in the adrenalin-content, as determined by 
physiological means. Additional evidence confirmatory of these findings is 
recorded in the present paper. 

Avian beriberi was produced experimentally in a fourth series of 22 
young pigeons by means of a dietary of autoclaved milled rice (2 and 3). 
Detailed post-mortem examinations were made in all cases. The heart's blood 
was examined by aerobic cultural methods for bacterial organisms. Ten of 
the 22 cases presented evidences of oedema (Tables II and III). 

The adrenal glands were removed, weighed, and the adrenalin-content 
immediately estimated by the method of Folin, Cannon, and Dennis (4). 
Similar estimations were made of the adrenalin-content of the adrenals in 
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10 healthy control pigeons of a like age to those in which beriberi was 
experimentally produced. 

In previous communications (1, 2) the weights of the adrenals per kilogram 
of body-weight were calculated against the original body-weights of the birds. 
In the present series of cases of avian beriberi the weights of these organs are 
shown in terms of {a) original body- weight, as well as in terms of (h) final 
body- weight of the birds at the time of death. The results of these observa- 
tions are shown in the following Tables : — 

Table I. — Showing the Adrenalin-Content in the Adrenal Glands and the 
Total Adrenalin per kilogram of Body- Weight in 10 Healthy Control 
Pigeons. 



Niimber 

of 
Pigeon, 


! 

Final 

weight of 

pigeon 

in grm. 


Weight of 
adrenals 
in mgrm. 


Weight of adrenals 

per kilogram 

of body-weight 

in mgrm. 


Total adrenalin 
in glands 
in mgrm. 


i Total adrenalin 
per kilogram 
of body-w'eight 
in mgrm. 


242 

265 

256 

! 257 

1 258 

259 

i 260 

1 261 

262 

263 


350 
230 
210 
220 
240 
280 
240 
270 
270 
240 


30 
22 
24 
22 
18 
22 
22 
24 
23 
25 


85 7 

95-6 

114-2 

100-0 
75-0 

78-5 
91-6 
88*8 
85-0 

104-0 


-090 
0-051 
0-054 
0-052 
0-045 
0-052 
-051 
0-054 
0-080 
0-045 


i -257 
0-221 
0-257 
0-238 
-187 
0-187 
0-212 
0-200 
0-222 
0-187 


Averages ... 255 


23-2 


91-8 

i 


'0554 


0-216 



Analysis of Table I :— 

(1) In healthy pigeons in this series, the weight of the adrenals per kilo- 
gram of body-weight ranged between 75 and 114 mgrm. 

(2) The total amount of adrenalin in the healthy glands ranged between 



0*045 and 0*090 mgrm. 



(3) The average adrenalin-content per gramme of gland in ten healthy 
pigeons was 0*0023 grm. 

(4) The total amount of adrenalin per kilogram of body-weight ranged 
between 0'187 and 0*257 mgrm. 
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Analysis of Table II : — 

(1) In 12 eases of dry beriberi in this series the weight of the adrenals per 
kilogram of original body-weight ranged between 85 and 275 mgrm. ; the 
weights of the adrenals were within the limits of health in two cases only. 

When calculated against the final body- weight of the birds, the weight of 
the adrenals per kilogram ranged betvveen 123 and 423 mgrm. ; in no case 
was the weight of the adrenals within the limits of health. 

(2) The total amount of adrenalin in the adrenal glands from these cases 
ranged between 0*045 and 0*138 mgrm. In 10 cases out of 12 the total 
amount of adrenalin was within the limits of health, but on a higher average 
than that of health. 

^(3) The average adrenalin-content per gramme of gland in 12 cases of d.ry 
beriberi was 0*0021 grm., or practically the same as in health. 

(4) The total amount of adrenalin per kilogram of original body-weight 
ranged between 0'173 and 0*552 mgrm. ; it was within the limits of health in 
5 cases out of 12. 

When calculated against the final body-weight of the birds, the total 
adrenalin ranged between 0*250 and 0*807 mgrm.; in all cases with one 
exception (No. 224), the total adrenalin per kilogram of body- weight 
exceeded the limits of health. 

Analysis of Table III : — 

(1) In 10 cases of wet beriberi in this series the weight of the adrenals per 
kilogram of original body- weight ranged between 145 and 478 mgrm. ; in 
no case was this weight within the limits of health. 

When calculated against the final body- weight of the birds, the weight of 
the adrenals per kilogram ranged between 205 and 578 mgrm. ; in no case 
was this weight within the limits of health. 

(2) The total amount of adrenalin in the enlarged adrenals from 10 cases 
of wet beriberi ranged between 0*090 and 0165 mgrm. In no case was the 
adrenalin-content within the limits of health, although in one case (ISTo. 244) 
it was as low as the maximum limit found amongst 10 healthy birds. 

(3) The average adrenalin-content per gramme of gland in 10 cases of wet 
beriberi was 0*0018, or slightly below that of health. 

(4) The total amount of adrenalin per kilogram of original body- weight 
ranged between 0*408 and 0*750 mgrm.; in all cases, including ISTo. 244 
referred to in para. (2) above, it greatly exceeded the limits of health. 

When calculated against the final body-weight of the birds, the total 
adrenalin in the body ranged between 0*552 and 1*178 mgrm., the excess over 
that found in health being very pronounced. 
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Sibrnmary of Kesults. 

(1) In the present series of cases of avian beriberi (polyneuritis gallinarum), 
oedema was found to be associated with massive enlargement - of the adrenal 
glands. Case ^o. 236 (Table III) appeared to be an exception in so far as 
gross w^eight of these glands was concerned. It was found, however, that the 
adrenalin-content of the adrenals and the total adrenal per kilogram of 
body-weight were equal to or exceeded those of other cases of wet beriberi in 
which the gross weight of the adrenals was much greater. 

(2) Two cases of dry beriberi (N"os. 243 and 246, Table II) had adrenal 
glands, and an amount of adrenalin per kilogram of body- weight equal to 
those of w^et beriberi. Thus, 10 cases out of 12, or 83*3 per cent., having 
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massive enlargements of the adrenals or 0*408 mgrm. of adrenalin per kilo- 
gram of original body-weight or over (Tables II and III) had oedema in 
some form. This percentage is practically identical with that previously 
reported (1). 

(8) The enlargement of the adrenal glands is a true hypertrophy in so far 
as the adrenal medulla is concerned : no conclusions are drawn with regard 
to the adrenal cortex. 

(4) The adrenalin-content of the hypertrophied adrenals, as estimated by 
chemical methods, is slightly less per gramme of gland in cases of wet beriberi 
than in health or in dry beriberi. 

(5) Nevertheless, in 100 per cent, of cases of wet beriberi the quantity of 
adrenalin greatly exceeds that found in health ; in 83 per cent of cases it is 
also in excess of that found in dry beriberi. 

Conclusions. 

1. The conclusions previously reached (1) by physiological methods of 
adrenalin estimation are confirmed by chemical methods. 

2. Deficiency of certain accessory food factors gives rise to a greatly 
increased production of adrenalin. 

3. Whatever the function of the adrenal medulla may be, the excessive 
production of adrenalin under conditions of " vitaminic " deficiency is concerned 
with the causation of the oedema found in this order of cases. It must 
therefore be taken into consideration as a possible factor in the causation of 
oedema in general. 
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